Gas and aerosol chemistry of 10 km -resolution mesoscale models Meso-NH and WRF/CHEM were evaluated on three 15 cases over Europe. These one-day duration cases were selected from Freney et al. (2011) and occurred on contrasted 16 meteorological conditions and at different seasons: a cyclonic circulation with a well-marked frontal zone on winter, an 17
stations for both models. Daily gas chemistry was reproduced with normalized mean biases between -14 and 11 %, a 23 level of accuracy that is acceptable for policy support. The two models performances were degraded during night-time 24 quite likely due to the constant primary species emissions. The PM 2.5 bulk mass concentration was overestimated by 25
Meso-NH over Europe and slightly underestimated by WRF/CHEM. The absence of wet deposition in the models partly 26 explains the local discrepancies with the observations. More locally, the systematic low mixing ratio of volatile organic 27 compounds in the gas phase simulated by WRF/CHEM at three stations was correlated with the underestimation of OM 28 (Organic Matter) mass in the aerosol phase. Moreover, this mass of OM was mainly composed of anthropogenic POA 29 (Primary Organic Aerosols) in WRF/CHEM, suggesting a missing source for SOA (Secondary Organic Aerosols) mass 30 in WRF/CHEM aerosol parameterization. The contribution of OM was well simulated by Meso-NH, with a higher 31 contribution for the summer case. For Meso-NH, SOA made the major contribution to the OM mass. The simulation of 32 the mass of SO 4 2-in particles by both models was often overestimated and correlated with an underestimation of the 33 SO 2 mixing ratio. The simulated masses of NO 3 -and NH 4 + in particles were always higher for Meso-NH than for 34 Introduction 1 thickness close to 1. 11 This work fits in with the current effort to make a careful benchmarking of numerical CTMs against observational data 12 and/or between models. Two online-coupled models, Meso-NH and WRF/CHEM, are evaluated over Europe during 13 three one-day episodes here. The objective is to assess the capacity of the models to reproduce the magnitude of intra-14 day gas and aerosol fluctuations over Europe for specific episodes. These episodes were chosen from the seminal study 
Model descriptions 25
Meso-NH (Lafore et al., 1998; Tulet et al., 2003) and WRF/CHEM (Grell et al., 2005) are two non-hydrostatic, and 26 "on-line" mesoscale atmospheric models (Baklanov et al., 2014) . Meso-NH is anelastic and WRF/CHEM is fully 27 compressible. Both models simulate atmospheric phenomena with horizontal resolutions from a few metres (LES) to a 28 few kilometres (synoptic-scale). Meso-NH is developed by the Laboratoire d'Aérologie and Météo-France. In the 29 present study, version 4.9.3 of Meso-NH is implemented. It uses terrain-following z coordinates. WRF/CHEM is 30 developed among the community and the code is controlled by NOAA/ESRL (National Oceanic and Atmospheric 31 Administration/Earth System Research Laboratory) scientists. WRF/CHEM uses terrain-following Eta-coordinates and, 32 in this study, the version 3.4.1 is used. 33
Several parameterizations have been integrated in these models for convection, cloud microphysics, turbulence, surface 34 processes, gas chemistry, and aerosol composition (http://mesonh.aero.obs-mip.fr/mesonh410 and www.wrf-model.org). The parameterizations used by the two models are reported in Table 1 and dynamical and physical parameterizations are 36 detailed in Appendix. A. Chemical options used here are detailed in the two next sections. 37
2.1
Gas-phase mechanism 38
The gas phase chemistry in Meso-NH was described by Suhre et al., (1998) ReLACS2 is derived from a reduction by reactivity weighting towards the hydroxyl radical OH
. developed by Crassier 42 (2012). For aerosol particles, the Wesely approach is used (Wesely and Hicks, 2000) . 23
In both models, no wet deposition scheme is activated. 24 
25

3
Observation databases and simulation set-up 26
Databases 27
Surface meteorological fields were compared to the ISD (Integrated Surface Database) database of NOAA's NCDC 28 (National Climatic Data Center) (http://cdo.ncdc.noaa.gov/pls/plclimprod/cdomain.abbrev2id), which provides public 29 access to hourly averages of meteorological surface parameters over Europe. Wind direction (WD), wind speed (WS), 30 temperature and dewpoint were used for this study. Only stations below 700 m elevation were selected for the model 31 evaluation in order to avoid bias due to terrain smoothing by the models (Jimenez and Dudhia, 2012). 32
The MOZAIC (Measurements of OZone, water vapour, carbon monoxide and nitrogen oxides by In-service Airbus 33 airCraft) database provides measurements of meteorological and chemical fields made during a large number of 34 commercial flights all over the world since 1993 (http://www.iagos.fr/web/; Marenco et al., 1998) . These 20 years of 35 measurements enable climatology and air quality studies to be made for the troposphere. The database includes data 36 collected from the ground to the upper troposphere during take-offs and landings, with high temporal and 3D-spatial 37 resolution. These vertical profiles are used here to evaluate meteorology and chemistry in the vertical direction. During 38 landings and take-offs, data is collected every 4s, which corresponds approximately to 50-100 m in the vertical direction 39 (Solazzo et al., 2013) . 40
Surface chemical measurements were provided by AIRBASE (European AIR quality dataBASE) 1 (http://www.eea.europa.eu/data-and-maps/data/airbase-the-european-air-quality-database-8). AIRBASE provides hourly 2 mean concentrations of O 3 , SO 2 (sulphur dioxide), NO x (nitrogen dioxide) and PM 2.5 bulk mass concentration for a large 3 number of European stations, each characterized by its own kind of area (urban, rural, suburban) and its type of station 4 (background, traffic, industrial). Only a subset of stations is used for the model evaluation, with the following criteria: 5 stations must be below 700 m elevation (Nopmongcol et al., 2012) and must be classified as background rural stations. 6
The study excludes urban or suburban stations and stations for which pollution is determined predominantly by traffic 7 or industrial sources. Because of the low horizontal resolution and the static emission profiles used by the two models, 8 local anthropogenic (point or mobile) sources, for which time-varying daily profiles are crucial, are not represented in 9 the models. 10
The chemical composition of aerosol particles at ground level is compared with the AMS (Aerodyne Aerosol Mass 11 Melpitz station. When the wind blows from the southwest, the air mass reaching Melpitz is mostly a modified maritime 23 air mass and is less polluted than when the wind direction is from the east, bringing Melpitz a dry continental air mass 24 composed of anthropogenic pollutants (Spindler et al., 2010) . continental air mass). Results showed that the mass concentration of aerosols was higher for the warm period than for 30 the cold one and that OM made the greatest contribution by far to the PM 2.5 and PM 10 mass concentration. 31
3.2
Simulation set-up 32 The computational domain extended over Europe. It has 360 x 360 grid points with a horizontal resolution of 10 km. 40
The vertical grid was common to both models and had 50 levels, stretched to allow better definition in the boundary For Meso-NH and WRF/CHEM, NO x emissions were assumed to be 70% NO and 30% NO 2 . In the chemical 25 mechanisms CACM and RACM, in order to limit the number of model species, some similar organic compounds were 26 grouped together based on the principle of reactivity weighting. Aggregation factors, computed by Middleton et al. 27 (1990) , were used for VOCs. For aerosol species, in WRF/CHEM, a conversion factor of 1.6 proposed by Bessagnet et 28 al. (2008) was used to convert the emissions of organic carbon (OC) into particulate organic matter (POA). Then, 20% 29 of BC and POA emissions were allocated to the Aïtken mode of the aerosol distribution and 80% to the accumulation 30 mode according to Ackermann et al. (1998) . In Meso-NH, 5% of OC and BC were allocated to the Aitken mode and 31 95% to the accumulation mode, as, according to the actual knowledge, organic aerosol mass is assumed to be 32 
4
Evaluation of models at regional scale 37
Three contrasted meteorological situations over Europe 38
In general, both models showed similar meteorological patterns ( 
Surface Meteorological fields 11
NOAA surface data, coming from European meteorological centres, were compared with results from both models. 12
For each selected surface meteorological station, the daily bias between observations and the two models was computed The corresponding daily NMB (Normalized Mean Bias), expressed as a percentage, is reported in Table 2 and defined 17
Results in Table 2 show that there were no significant differences between the models for the simulated WD10, as 20
shown by the weak NMB (-3 to 1%). For 3 March 2009, the well-marked frontal zone ( Fig. 1 ) was correlated with a 21 zone of weak biases for WD10 (between -20°/N and 20°/N) from northern France and the United Kingdom to 22 Scandinavia (Fig. S1 ). The NMB of WS10 for Meso-NH was low (-2 to 2%) while, for WRF/CHEM, it showed an 23 overestimation (15 to 20%) ( Table 2 ). This behaviour is visible on Fig. 2, Fig. S1 and Fig. S2 showing a higher bias on 24 WS10 for WRF/CHEM than for Meso-NH. In general, except for coastal zone, the Meso-NH bias for WS10 is about +/-25 2 m.s The NMB of T2m and Td2m was close to 0% for both models ( Table 2 proposed a new parameterization to account for a subgrid-scale orography effect on surface winds for models at low 39 resolution.
Vertical distribution of meteorological variables 1
The simulated vertical distribution of meteorological variables was compared with the high resolution vertical profiles 2 of T (temperature), Td (dewpoint), WD (wind direction) and WS (wind speed) measured during take-off and landing of 3 MOZAIC-IAGOS aircraft above Frankfurt ( close, the comparison between models was not spatially biased. 6 Fig. 3 shows that both models capture the vertical distribution of T and Td between the surface and 300 hPa on 18 7 September 2008. Below 850 hPa, both models tend to overestimate T and Td. Models simulate stratiform clouds 8 between 500 hPa and 300 hPa as observed during flights where T was equal to Td. In the planetary boundary layer for 9
18 September 2008, there is a positive bias of T but the observed temperature inversion is well reproduced by the 10 models early in the morning and in the evening. Measurements show a sudden increase in T at 850 hPa, which is less 11 visible for both models. Observed Td decreases strongly at 850 hPa early in the morning, meaning a dry air mass limit. 12 On 3 March 2009 (Fig. S3) , the temperature vertical profile is well reproduced except at the surface where there is an 13 underestimation at 10:00 UTC. Larger discrepancies are obtained with both models for Td. 
Gaseous pollutants at the surface 21
Simulated results for O 3 , NO X and SO 2 are compared with the AIRBASE surface data. The number of rural and 22 background stations for statistics varied between 111 and 259. As emissions have no diurnal variation, the bias of O 3 , 23 NO X and SO 2 was calculated for daytime only, between 08:00 and 16:00 UTC ( Table 2 ). Bias of NO x was slightly negative (-3% <NMB< -1%, Table 2 ). Looking at the diurnal 28 cycle of the bias for NO x , Meso-NH showed poorer performance during night-time, with mean differences up to 6 µg.m Table 2 ) but gave good 34 predictions of ozone during the third episode (NMB =1%, Table 2 ). Daytime NO x concentrations were reproduced to 35 within -1 to 2% (Table 2) , the worst prediction being made during night-time, with a systematically strong 36 overestimation of up to 10 µg.m -3 for 50% of stations ( Daytime values of NMB ranged between -2% and 0% for SO 2 in both models ( Table 2 ). As shown in Fig. 5 , 1 WRF/CHEM tends to underestimate SO 2 for the three cases, with maximum bias during daytime (up to -1.5 µg.m -3 for 2
50% of stations). 3
Except in the Po Valley, during daytime, the level of accuracy of both models for the prediction of ozone, NO x and SO 2 4 at the surface is acceptable for regulatory application (AQD, 2008). The maximum bias for both models over the Po 5
Valley is suspected to be due to the absence of diurnal variation of anthropogenic emissions (underestimation for NO x 6 and overestimation for ozone). In the same way, both models showed a positive bias for NOx during night-time due to 7 this absence of diurnal variation. This effect was also visible on the diurnal cycle of SO 2 bias for both models. However, 8
for ozone bias, the link with the diurnal cycle of anthropogenic emissions is indirect due to the non-linearity of ozone 9 chemistry. For instance, Tao introduce uncertainties that are inherent in the model or due to the coupling process. This point is discussed in the next 17 part. Obviously, differences between the two models could be related to differences in chemical reaction schemes 18 coupling to differences between thermodynamical modules for gas to particles conversion, dynamics of the planetary 19 boundary layer (venting of pollutants) and dry deposition parameterizations. 20
Vertical distribution of ozone and carbon monoxide 21
The simulated vertical distributions of O 3 and CO were assessed using measurements from the MOZAIC database ( CO is a significant trace gas in the troposphere, which strongly influences the concentrations of oxidants such as 24 hydroxyl radical (OH.) and O 3 . CO is mainly emitted by anthropogenic activities and has a lifetime of a few months in 25 the boundary layer (BL) and the free troposphere (FT) (Seinfeld and Pandis, 1998) . 26 Above the BL and below 9 km of altitude, biases for O 3 and CO were variable depending on the altitude and on the time 6 of day. Both models exhibited similar vertical distributions of the biases. The vertical distribution of biases between O 3 7 and CO observations and the MOZART model interpolated on the Meso-NH vertical and horizontal grid at 0600 and 8 1200 UTC (Fig. 6) clearly shows that the vertical profiles of CO and O 3 for both models are strongly influenced by the 9 MOZART fields. The difference between CO biases for MOZART and the two models is the smallest (< 10 ppbv) in the 10 entire vertical column above the BL. Below 500 m, simulated CO departs from the MOZART fields. The largest 11 differences between the regional models and MOZART are found below 500 m for CO. Below 500 m, the MOZART 12 model gives a strong overestimation of CO compared to the measurements (30-100 ppbv). The boundary conditions 13 impact the simulated surface concentrations of CO but the biases are reduced in the regional models in comparison with 14
MOZART bias because of local meteorology and chemical processes. The difference of CO bias between Meso-NH and 15
WRF/CHEM at the surface and up to 3 km is certainly due to the difference in WD and in WS up to this altitude (Fig.  16 3). 17
The vertical profiles of O 3 biases for the two models also show the impact of MOZART fields. The bias of ozone 18
MOZART fields is strongest in the upper troposphere and in the BL; this bias is reduced for Meso-NH and for 19 WRF/CHEM. The difference between ozone biases for MOZART and both models is the weakest (5 ppbv) in the 20 middle troposphere (2500-5000 m). This difference is stronger (20 ppbv) below 1000-1500 m. As for CO, the biases are 21 
PM 2.5 bulk aerosol at the surface 32
Simulated daily mean PM 2.5 bulk aerosol mass concentrations over Europe are compared with AIRBASE stations 33 measurements for the three chosen dates in Fig. 7 . For both models, PM 2.5 mass concentration was computed by 34
integrating Aitken and accumulation lognormal modes up to 2.5 micrometres in diameter. It included primary aerosol 35 mass (BC and POA for organic), secondary inorganic (NO 3 -, SO 4 2-and NH 4 + ) and organic (SOA) aerosol components. 36
The corresponding daily NMB (in %) was computed (Table 2) but it should be borne in mind that PM 2.5 measurements 37
were available for only a small number of rural and background stations (6 and 12 respectively). 38 Table 2 and Fig. 7 indicate that Meso-NH overestimates the PM 2.5 mass concentration with positive NMB between 6 39 and 14% for the three dates. WRF/CHEM slightly underestimates the PM 2.5 mass concentration with a NMB between -3 40 and 0% (Fig. 7 and Table 2 ). The same computation considering all stations (urban and suburban stations, traffic andindustrial sources), which represented more than 50 stations of AIRBASE (not shown here), changed the results 1 considerably, with a large underestimation for WRF/CHEM (NMB between -17% and -1%) and a weaker positive 2 NMB for Meso-NH (-5% to 8%). 3
The high observed values for the Po Valley in Italy (range from 20 to 40 µg.m -3 ) were well captured by both models for 4 the three cases despite an overestimation (ranging from 30 to 60 µg.m -3 ) by Meso-NH and an underestimation (ranging 5 from 5 to 25 µg.m -3 ) by WRF/CHEM (Fig. 7) . Over stations in the Netherlands, PM 2.5 mass concentrations were 6 relatively low. This was well reproduced by WRF/CHEM whereas Meso-NH overestimated the observations by 15 to 7 20 µg.m -3 (Fig. 7) . 8
Several recent studies have shown that air quality models tend to underestimate PM 2.5 mass concentrations over Europe. 
Evaluation and discussion of sites 24
Both models present significant biases on daily PM 2.5 mass concentration whatever the situation. To explain these 25 biases, it is necessary to look at the detail of the aerosol chemical composition by comparison between simulated and 26 observed hourly mean mass concentration for each aerosol constituent. AMS measurements are available at three local 27 sites: puy de Dôme, Melpitz and K-Puszta for the three selected dates. In this section, the local mixing ratios of aerosol 28 gaseous precursors are studied before analysing the aerosol hourly mean mass composition for the three local sites. For 29 the pdD station, in order to avoid errors due to topography smoothing, all simulated results are taken at the real altitude 30 of the station: 1465 meters. 31
5.1
Gas precursors of aerosols 32 warmer (Fig. 1) . Another reason could be connected with the fact that the BL height is smaller in winter than in summer, overestimation by both models, and especially by WRF/CHEM. However, both models simulated mixing ratio comparison to these values, Meso-NH overestimated observed SO 2 mixing ratio whereas WRF/CHEM slightly 23 underestimated it. This trend is similar to K-Puszta. 24
The NH 3 mixing ratio typically ranges between 0.1 and 10 ppb over continents (Seinfeld and Pandis, 1998) . (Fig. 8) . These high mixing ratios of simulated NH 3 can probably be attributed to the combination of high 30 emission rates and the absence of a sink by precipitation, as both models simulate precipitation (Fig. 8) . 37 SO 2 simulated by Meso-NH is three or four times higher than simulated by WRF/CHEM most of the time. The 38 behaviour of NO x and SO 2 is consistent with the conclusions drawn over Europe as seen above (cf. Sect. 4.4; Fig. 5) . 39
The Comparison of the diurnal cycles of boundary layer height at the tree sites for the three dates show quite similar 40 results for both models. This means that the observed differences between NO x and SO 2 cannot be explained bythermodynamical modules for gas to particles conversion. Indeed, discrepancies between NO x and SO 2 are highest 1 when boundary layer height is small (during night-time at plain sites and all along the day at K-Puszta for the 3 March 2 2009), so, when chemical species are more concentrated and chemical reactivity is higher. 3
5.2
Chemical composition of aerosol particles 4
The model performance in term of aerosol composition is evaluated with the AMS global database. This database 5 provides the mass concentration of NR-PM 1 for NO 3 -, SO 4 2+ , NH 4 + and OM, mentioned as ORG on Figs. 9 and 10. OM 6 includes POM and SOM (for Primary and Secondary OM respectively). Here, OM measured by AMS is compared to 7 the sum of anthropogenic primary organic aerosol (APOA) and secondary organic aerosol (SOA) simulated by Meso-8 NH and WRF/CHEM. Simulated and observed mass concentrations are compared as hourly mean to highlight how 9 models are able to represent the detailed processes driving the aerosol composition and its temporal evolution. Fig. 9 and Fig. 10 Tables 3, 4 and 5). When the performance criterion (|MFB| < 60% and MFE < 75%) is satisfied, the level of accuracy is 17 considered to be acceptable for standard modelling applications. When the performance goals (|MFB| < 30% and MFE 18 < 50%) are met, the level of accuracy is considered to be close to the best a model can be expected to achieve. 
At puy de Dôme 27
Observations ( Fig. 9 and Fig. S7) At the pdD station, the mass of OM simulated by WRF/CHEM is weaker by a factor of 10 than those simulated by 34
Meso-NH. 35
On 3 March 2009 (Fig. 10) , both models and measurements show a minimum of the mass concentration of NH 
respectively). This day corresponds 37
to the presence of an oceanic air mass (Fig. 1) . Both models simulate a minimum of the mass concentration of NO Fig. 9 and Fig. 10 indicate that Meso-NH (respectively WRF/CHEM) systematically overestimates (respectively 13 underestimates) the observed OM at Melpitz. Measurements (Fig. 9, Fig. 10 
At Melpitz 12
32
( Fig. 9) . 33
At K-Puszta 34
Observations at the K-Puszta station are available only for 18 September 2008 (Fig. 9) . As for the other two stations of 35 pdD and Melpitz, the two models overestimate the observed SO 4 2-. 36
As found at the other two sites, observations show a high contribution of OM to the aerosol mass (3.09 µg.m found at K-Puszta is higher than at the other two sites on the same date. Both models underestimate NO 3 - (Fig. 9 ). 5
The model performance criterion is met for all species and for both models only at K-Puszta for 18 September 2008 6 (Table 4) . On this day, the Meso-NH performance goal is met for NH 4 + and NO 3 -at this station. Concerning 7 WRF/CHEM, the performance goal is reached for NH 4 + and for OM. 8
Discussion 9
Whereas the chemical sinks and sources are specific to each chemical compound, physical processes applied to the total 10 aerosol mass conserve the mass fraction of each aerosol compound. 11
The sudden decrease in measured aerosol mass concentration observed at pdD at 10:00 and 18:00 UTC on 18 12 September 2008 (Fig. 9 ) and at 11:00 on 26 June 2010 ( of the pdD station in the models is within the BL, simulated mass concentrations for this day show an underestimation 28 for all compounds in both models (Fig. S7 ). This can be attributed to, for example, a more pronounced influence of 29
Clermont-Ferrand city pollution in observations than in simulations. It can be noted that Meso-NH simulates a large 30 mass contribution of SOA on 26 June 2010, in agreement with the high mass contribution of OM observed (Fig. S7) . 31
Observations (Fig. 9,, Fig. S7) and that, as expected, the SOA production is highest for summer cases in both models. OM mass concentration 40 simulated by WRF/CHEM is systematically underestimated by a factor varying between 2 and 10 in comparison withMeso-NH and observations. This systematic underestimation of OM by WRF/CHEM is associated with VOC mixing 1 ratios that are systematically lower than those in Meso-NH (Fig. 8) . This underestimation of OM is the strongest for 26 2 June 2010 at pdD, where the difference of VOC mixing ratios between WRF/CHEM and Meso-NH during daytime is 3 the highest. As both models simulate close values of POA at all stations and in all cases, the lowest OM mass 4 concentration simulated by WRF/CHEM comes from its lower ability to convert VOCs into SOA across the aging 5 constant of organic condensable vapours (OCVs) according to the oxidizing with the hydroxyl radicals used into the 6 VBS parameterization (cf. Sect. 2.2) . Moreover, the low VOC mixing ratios in WRF/CHEM can be explained by a too 7 high dry deposition of VOCs due to a failure to consider mesophyll resistances and the use of a factor of 0.25 (cf. Sect. 8
2.3
). An important difference between both models is also their chemical mechanism: RACM was designed to compute 9 the classical regional atmospheric chemistry whereas CACM treated in addition to this classical chemistry the formation 10 of gaseous organic precursors of SOA. This difference likely contributed to the low VOC mixing ratios associated to 11 low amounts of SOA simulated by WRF/CHEM. While anthropogenic emissions came from the same inventory for 12 both models, the difference of VOC mixing ratios is strengthened by the use of different biogenic and biomass burning 13 emissions. In particular, Meso-NH used, for biogenic emissions, a static inventory computed from the MEGAN model 14 while WRF/CHEM computed biogenic emissions from MEGAN model coupled online with its surface module. 15
For inorganic aerosol compounds, the differences between the two models and between models and observations are 16 (Fig. 8) . These differences in temperature and 24 gas-phase aerosol precursors on 3 March 2009 at pdD are likely reasons for the higher nitrate inorganic mass 25 contribution simulated by Meso-NH than by WRF/CHEM. 26
At the two plain stations (Melpitz and K-Puszta), both models underestimate NH 4 + mass concentrations. Simulated 27 NO 3 -and NH 4 + mass concentrations are higher for Meso-NH than for WRF/CHEM ( Fig. 9 and Fig. 10 ) except on 18 28
September 2008 at K-Puszta, where the NH 4 + mass concentration simulated by WRF/CHEM is slightly higher than that 29 simulated by Meso-NH. This general behaviour of NO 3 -and NH 4 + mass concentrations is linked to a systematic 30 underestimation of simulated NO x by Meso-NH compared to WRF/CHEM (Fig. 5, Fig. 8) , which is maximum on 3 31
March 2009. This underestimation of simulated NO x by Meso-NH may come from a more efficient transfer of oxidation 32 products of NO x as nitric acid from the gas to the aerosol phase. Both models overestimate the SO 4 2-mass 33 concentration, except for Meso-NH at Melpitz on 3 March 2009 -linked to its high simulated NO 3 -mass concentration. 34 SO 2 simulated by WRF/CHEM is underestimated in comparison with observations (cf. Sect. 4.4 and Sect. 5.1). In both 35 models, SO 4 2-is formed by oxidation of SO 2 in the gas phase. Therefore, the underestimation of SO 2 in the gas phase by 36 WRF/CHEM, which is linked to its overestimation of aerosol SO 4 2 , seems to indicate a faster oxidation in WRF/CHEM 37 than in Meso-NH. On 18 September 2008 at K-Puszta and on 3 March 2009 at Melpitz, the SO 4 2 mass concentration 38 simulated by WRF/CHEM is higher by a factor of about two than that simulated by Meso-NH. However, as noted 39 before, the relative behaviour of NH 4 + mass concentration for these two cases is opposite: Meso-NH simulates more 40 
Summary and Conclusion 5
In this paper, our goal was to evaluate the ability of the Meso-NH and WRF/CHEM models to simulate three one-day 6 cases over Europe. Meteorological fields (wind direction, wind speed, temperature, dewpoint and precipitation), 7 gaseous species concentrations (O 3, NO X , SO 2 ) and aerosol particle compositions (inorganic and OM) have been 8 compared model to model as well as to available measurements. These one-day duration cases came from Freney et al. 9
(2011) and were chosen in order to simulate different seasons and air mass characteristics. 10
Simulated surface fields were compared to several surface hourly databases from stations (NOAA's NCDC for 11 meteorology, AIRBASE for gaseous species and AMS global database for aerosol composition) over Europe. Simulated 12 vertical profiles were evaluated above Frankfurt against airborne measurements of meteorological parameters and 13 gaseous species from the MOZAIC database. The differences in simulated and observed CO and ozone at Frankfurt are 14 mostly due to the initial fields provided by the MOZART CTM. 15
The two models reproduced the contrasted meteorological conditions for the three selected days. The comparison with 16 vertical profiles of meteorological variables at Frankfurt and with observations at the surface was satisfactory. 17
The results concerning gaseous species at the surface are in good agreement with observations, mostly during the 18 daytime for NO x and SO 2 . Globally, O 3 presents the same diurnal evolution of bias between observed and simulated 19
concentrations for both models with a quasi-constant gap of between 10 and 20 µg.m -3 . In the vertical direction, O 3 and 20 CO are well represented in the FT. The maximum bias appears near the surface for CO, with local emissions not 21 correctly included in the models, and near the tropopause for CO and O 3 , due to stratospheric intrusion not being well 22 simulated by either model. The results suggest that the photochemistry is comparable for both models. Differences are 23 probably due to simulated dynamics. 24
The simulated aerosol chemical composition is encouraging, with several model performance criteria met. 25
At the three local stations (pdD, Melpitz and K-Puszta), the systematic underestimation of simulated VOCs by 26 WRF/CHEM is correlated with an underestimation of OM mass concentration in the aerosol phase. Moreover, OM 27 simulated by WRF/CHEM presents a major contribution of POA, suggesting a missing source for SOA in WRF/CHEM 28 parameterization. The contribution of OM is well simulated by Meso-NH in both proportion and quantity, with a higher 29 contribution for summer cases. For Meso-NH, SOA make the major contribution to OM. Mass concentration of SO 4
2-
30
simulated by both models is often overestimated, a fact that is certainly associated with biases of SO 2 mixing ratio. 31
Simulated NO 3 -and NH 4 + mass concentrations are almost always higher for Meso-NH than for WRF/CHEM, in 32 connection with differences in NO X mixing ratio between the models. Finally, computations of model performance 33 criterion (met if (|MFB| < 60% and MFE < 75%) and model performance goals (met if (|MFB| < 30% and MFE < 50%) 34
show that both models can be considered acceptable for standard modelling applications. 35
It should be kept in mind that the use of different biogenic and biomass burning emission inventories associated with 36 the use of different gaseous chemical mechanisms in Meso-NH and WRF/CHEM lead to differences between the 37 simulated amounts of gas phase precursors of aerosols, and thus aerosol amounts. In particular, Meso-NH model, using 38 a gaseous chemical mechanism designed to compute the organic precursors of aerosols, shows comparable simulated 39 amounts of SOA to observations at local sites. 40 1
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